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SUMMARY 

T h i s  memorandum summarizes a r ev iew o f  t h e  B i o a s t r o n a u t i c s  
Data Book. The o b j e c t i v e s  o f  t h i s  r ev iew were twofo ld :  (1) t o  
compare t h e  data  i n  t h e  B i o a s t r o n a u t i c s  Data Book w i t h  t h e  s p e c i f i -  
c a t i o n s  c u r r e n t l y  set  i n  t h e  Apollo program, and ( 2 )  t o  comment 
upon ways  i n  whichthe  document can  be made more u s e f u l  as a d e s i g n  
g u i d c ,  I n  comparing t h e  data  i n  t h e  B i o a s t r o n a u t i c s  Data Book wi th  
c u r r e n t  s p e c i f i c a t i o n s  f o r  t h e  Apollo program, no s i g n i f i c a n t  d i s -  
c r e p a n c i e s  were found, As a d e s i g n  g u i d e ,  this new volume r e p r e s e n t s  
a s i g n i f i c a n t  s t e p  toward f i l l i n g  an i m p o r t a n t  gap i n  t h e  i n f o r m a t i o n  
s v a i l a b l e  t o  a e r o s p a c e  d e s i g n e r s ,  The need f o r  c o n t i n u o u s  u p d a t i n g  
and improvements,  however, i s  c h a r a c t e r i s t i c  o f  such  a t a s k .  S e v e r a l  
o b s e r v a t i o n s  and recommendations a r e  made which are  i n t e n d e d  t o  enhance 
t h e  u t i l i t y  o f  t h e  B i o a s t r o n a u t i c s  Data Book as a d e s i g n  g u i d e .  These 
comments i n c l u d e  s u g g e s t i o n s  f o r :  (1) c a r r y i n g  o u t  a p lanned  data- 
r e d u c t i o n  i n  some s e c t i o n s ,  ( 2 )  p r e s e n t i n g  t h e  data  i n  a form most 
d i r e c t l y  a p p l i c a b l e  t o  d e s i g n  problems,  o m i t t i n g  e s s e n t i a l l y  academic 
r e s u l t s ,  ( 3 )  c i t i n g  areas i n  which i m p o r t a n t  d e s i g n  data i s  l a c k i n g  
and i n c l u d i n g  t h e  p r e l i m i n a r y  f i n d i n g s  from r e c e n t  s t u d i e s  i n  these  
areas,  and ( 4 )  u p d a t i n g  t h e  e x i s t i n g  c l a s s e s  o f  data  t o  p r e d i c t  
more p r e c i s e l y  t h e  v a r i o u s  pa rame te r s  f o r  s p a c e  crews and s p a c e c r a f t  
env i ronmen t s .  
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MEMORANDUM FOR FILE 

The purpose  o f  t h i s  memorandum i s  t o  r ev iew the  new 
i s s u e  o f  t h e  N A S A  L i f e  S c i e n c e s  Data Book, e n t i t l e d  t h e  B i o a s t r o -  
n a u t i c s  Data Book, The o b j e c t i v e s  o f  t h i s  r ev iew were twofo ld :  
1) t o  compare t h e  data i n  t h e  B i o a s t r o n a u t i c s  Data Book w i t h  t h e  

s p e c i f i c a t i o n s  c u r r e n t l y  s e t  i n  t h e  Apollo program, and ( 2 )  t o  
comment upon ways i n  which t h e  document can be made more u s e f u l  
as a d e s i g n  gu ide .  T h i s  volume r e p r e s e n t s  t h e  c u r r e n t  s tage i n  
t h e  development o f  a b i o a s t r o n a u t i c s  data s o u r c e  t o  be  used as a 
g u i d e  by d e s i g n e r s  o f  a e r o s p a c e  v e h i c l e s  and equipment .  The new 
e d i t i o n  c o n t a i n s  much u s e f u l  i n f o r m a t i o n ,  and  t h e  c o m p i l a t i o n  o f  
t h i s  much a p p l i c a b l e  da ta  i n  a s ing le  volume i s  a ve ry  v a l u a b l e  
t o o l  f o r  t h e  d e s i g n  and  f u t u r e  p l a n n i n g  of  manned s p a c e  v e h i c l e s .  
The "p lanned  e v o l u t i o n "  o f  t h i s  document, moreover,  w i l l  g rea t ly  
enhance i t s  p o t e n t i a l  v a l u e  i n  t h e  f u t u r e ,  as e x p e r i e n c e  i n  space  
f l i g h t s  and i n  s i m u l a t i o n  of  s p a c e c r a f t  envi ronments  i n c r e a s e s  
t h e  r e s e r v o i r  of a p p l i c a b l e  knowledge. I n  comparing t h e  data i A  
t he  B i o a s t r o n a u t i c s  Data Book w i t h  t h e  c u r r e n t  s p e c i f i c a t i o n s  f o r  
t h e  Apollo program, no s i g n i f i c a n t  d i s c r e p a n c i e s  were found.  The 
comments and recommendations which are summarized i n  t h e  f o l l o w i n g  
paragraphs are i n t e n d e d  t o  s u g g e s t  means of improving  t h e  document 
s t i l l  f u r t h e r  and t o  enhance i t s  u t i l i t y  t o  d e s i g n e r s  o f  a e r o -  
space v e h i c l e s  and equipment ,  

I n  some areas o f  b i o a s t r o n a u t i c s ,  t h e  a p p l i c a b l e  data 
I encompasses  a wide v a r i e t y  of s o u r c e s  whach i n c l u d e  de ta i led  

enumera t ions  o f  s p e c i f i c  f a c t s ,  S e c t i o n  13 of  t h e  da ta  book, 
f o r  example,  c o v e r s  many b i o l o g i c a l  p r o d u c t s  which must be e i t h e r  
s t o r e d  i n  t h e  s p a c e c r a f t ,  removed by t h e  env i ronmen ta l  c o n t r o l  
s y s t e m ,  o r  t o l e r a t e d  i n  i n c r e a s i n g  amounts t h roughou t  t h e  m i s s i o n .  
Certain o f  t h e  data have obvious  s i g n i f i c a n c e ,  such  as t h e  pro-  
d u c t i o n  of  u r i n e ,  sweat and f e c e s .  B i o l o g i c a l  waste p r o d u c t s  are 
q u a n t i f i a b l e  i n  minute  amounts,  however, and  t h e  a v a i l a b l e  data 
presents them i n  a n  ex t r eme ly  d e t a i l e d  form, as ev idenced  by t h e  
l i s t i n g  of rough ly  250 i n d i v i d u a l  c o n s t i t u e n t s  of f e c e s  and u r i n e  
o r  by  t h e  three pages of t ab les  devo ted  t o  t h e  g e n e r a t i o n  and 
c o m p o s i t i o n  of  n a i l s  and h a i r ,  The data  l i s t i n g  numerous o r g a n i c  
compounds which are p r e s e n t  i n  minute  q u a n t i t i e s  must b e  e v a l u a t e d  
by e x p e r t s  t o  e s t a b l i s h  t h e i r  s i g n i f i c a n c e .  It  would be v a l u a b l e  
t o  r e v i e w  a l l  o f  these  l i s t s  w i t h  t h e  g e n e r a l  o b j e c t i v e  of  c o n s o l i -  
d a t i n g  t h e  i n f o r m a t i o n  c o n t a i n e d  i n  them. The f o l l o w i n g  avenues 
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of  r e v i s i o n  would c o n t r i b u t e  t o  t h i s  g o a l ;  (1) t o  n o t e  i tems 
which are most l i k e l y  t o  have a d e t r i m e n t a l  p h y s i o l o g i c a l  e f f e c t  
upon t h e  crew o r  which c o n t r i b u t e  t o  d e g r a d i n g  crew safety,  ( 2 )  
t o  group e n t r i e s  i n t o  c l a s s i f i c a t i o n s  h a v i n g  s imilar  p r o p e r t i e s ,  
( 3 )  t o  deve lop  summary c u r v e s  f o r  accumula t ion  as a f u n c t i o n  o f  
time, and ( 4 )  t o  s u g g e s t  means o f  c o n t r o l .  Such a p l anned  data  
r e d u c t i o n  i n  t h i s  s e c t i o n  and some o t h e r s  (e.g. S e c t i o n  1 0 ,  
"Energy") cou ld  p r e s e n t  e q u a l l y  good data  i n  a form more u s e f u l  
f o r  d e s i g n  p u r p o s e s ,  

There are areas i n  which some o f  t h e  data needed by t h e  
a e r o s p a c e  d e s i g n e r  i s  n o t  c u r r e n t l y  a v a i l a b l e .  Toxicology,  weight-  
l e s s n e s s ,  and combined stress are obv ious  examples ,  I n  these  cases 
t h e  B i o a s t r o n a u t i c s  Data Book p r e s e n t s  a sampl ing  of  data  which i s  
now a v a i l a b l e ,  and t h e  i n t r o d u c t o r y  paragraphs c a u t i o n  u s e r s  a g a i n s t  
u s i n g  t h i s  data w i t h o u t  e x p e r t  a d v i c e .  The data book would p r o v i d e  
a n  a d d i t i o n a l  s e r v i c e  i f  it s p e c i f i c a l l y  c i t e d  t h e  areas i n  which 
i m p o r t a n t  d e s i g n  data i s  l a c k i n g ,  The a u t h o r s  of  t h e  v a r i o u s  s e c -  
t i o n s  are c e r t a i n l y  aware of t h e s e  data lacks,  b u t  t h e y  are i n  a 
b e t t e r  p o s i t i o n  t h a n  t h e  u s e r  of t h i s  volume t o  e v a l u a t e  what data 
w i l l  be needed i n  t h e i r  p a r t i c u l a r  areas,  I n  t h e  s e c t i o n  on t o x i -  
co logy ,  f o r  example,  data w i l l  b e  needed l i s t i n g  t o x i c  materials,  
q u a n t i f y i n g  t h e i r  accumula t ion ,  and g i v i n g  l i m i t i n g  v a l u e s  f o r  t h e  
t o x i c s  as a f u n c t i o n  o f  t ime,  An i n d i c a t i o n  t h a t  such  data w i l l  be 
needed and t h e  i n c l u s i o n  o f  p r e l i m i n a r y  f i n d i n g s  from r e c e n t  s t u d i e s  
are recommended, even  though p r e s e n t  s o u r c e s  are incomple t e .  Obvi- 
o u s l y  p e r i o d i c  u p d a t i n g  must be a c o r o l l a r y  o f  such  a recommendation. 

The e x p e r t  i n  a d i s c i p l i n e  o f t e n  u s e s  t h e o r e t i c a l  o r  aca-  
demic knowledge i n  d e r i v i n g  p e r t i n e n t  d e s i g n  i n f o r m a t i o n .  The i n c l u -  
s i o n  o f  t h i s  background knowledge i s  n o t  n e c e s s a r y ,  however i n  a 
d e s i g n  g u i d e ,  T h i s  o b s e r v a t i o n  i s  a p p l i c a b l e  t o  some o f  t h e  data i n  
t h e  B i o a s t r o n a u t i c s  Data Book, 
t h e  data on topography o f  t h e  e y e b a l l ,  p l a n  o f  t he  r e t i n a ,  o p t i c a l  
c o n s t a n t s  of t h e  e y e b a l l ,  and rod and cone d e n s i t y  d i s t r i b u t i o n s  were 
f e l t  t o  b e  more o f  academia i n t e r e s t  t h a n  of a p p l i e d  i n t e r e s t .  The 
i n f o r m a t i o n  on h e a r i n g ,  a l s o ,  is good from a p r e l i m i n a r y  s t a n d p o i n t ,  
b u t  i t  would n o t  i n d i c a t e  t o  t h e  communications e n g i n e e r  what c l i p -  
p i n g  l e v e l s  t o  s e l e c t ,  what v o i c e  bandwidth t o  u s e ,  Etnd what signal-  
t o - n o i s e  r a t i o s  are r e q u i r e d ,  It i s  recommended tha t  the data be 
p r e s e n t e d  i n  a form most d i r e c t l y  a p p l i c a b l e  to design psoblems,  and 
t ha t  e s s e n t i a l l y  academic data be o m i t t e d .  

c o n d i t i o n s  which are n o t  u s u a l l y  o r  e a s i l y  s i m u l a t e d  on ear th .  The 
B i o a s t r o n a u t i c s  Data Book can  make t h e  most s i g n i f i c a n t  c o n t r i b u t i o n  
t o  f u t u r e  space  work, however, o n l y  i f  i t s  data r e f l e c t s  s o u r c e s  
which b e s t  p r e d i c t  t h e  i n f l u e n c e  of t h e  v a r i o u s  parameters i n  a rea l  
env i ronmen to  S e v e r a l  o f  t h e  s e c t i o n s  c o u l d  b e n e f i t  from improvement 
i n  t h i s  regard,  I n  t h e  t r e a t m e n t  o f  env i ronmen ta l  t e m p e r a t u r e s ,  f o r  
example,  most o f  t h e  thermal d a t a  p r e s e n t e d  i s  v a l i d  f o r  a i r  a t  pres- 
s u r e s  o f  one a tmosphere  unde r  e a r t h - g r a v i t y  c o n d i t i o n s .  Free con- 
v e c t i o n ,  however, w i l l  obv ious ly  n o t  be p r e s e n t  i n  a g r a v i t y l e s s  

I n  t h e  s e c t i o n  on v i s i o n ,  f o r  example,  

The data  r e q u i r e d  i n  s p a c e  a p p l i c a t i o n s  i n v o l v e s  many 
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envi ronment ,  Fur thermore ,  t he  e f f e c t  of c o n v e c t i v e  c o o l i n g  coe f -  
f i c i e n t s  f o r  t h e  same mass f low may be s i g n i f i c a n t l y  d i f f e r e n t  
w i t h  a n  environment  o f  oxygen a t  low pressures  because  o f  d i f f e r -  
e n c e s  i n  S p e c i f i c  h e a t  and boundary l a y e r  e f f e c t s .  

A re la ted  c r i t i c i s m  i s  tha t  s p e c i a l i z e d  p o p u l a t i o n s  are 
u s u a l l y  needed f o r  accu racy  w i t h  respec t  t o  per formance  e v a l u a t i o n ,  
a n t h r o p o m e t r i c  d imens ions ,  s t r e s s  t o l e r a n c e ,  and o t h e r  b i o a s t r o -  
n a u t i c  v a r i a b l e s  f o r  s p a c e  c rewso 
proved i n  t h i s  g e n e r a l  r e s p e c t  i s  e n t i t l e d  "S ize  and Motion". 
T h i s  s e c t i o n ,  which dea ls  w i t h  a n t h r o p o m e t r i c  and e r g o m e t r i c  data,  
u s e s  m i l i t a r y  and ,  sometimes,  c o l l e g e  p o p u l a t i o n s  f o r  r e f e r e n c e .  
The same data c l a s s e s  u s i n g  t h e  e x i s t i n g  a s t r o n a u t  p o p u l a t i o n  
would be  v a l u a b l e  he re ,  It i s  recommended i n  a l l  areas t h a t  as 
more data becomes a v a i l a b l e  f r o m  space  f l i g h t s  o r  s i m u l a t i o n s  
employing a s t r o n a u t s  and r e a l i s t i c  env i ronmen t s ,  i t  s h o u l d  be used 
t o  make a p p r o p r i a t e  r e v i s i o n s  where i n d i c a t e d .  

A s e c t i o n  which might  be i m -  

I n  c o n c l u s i o n ,  t h e  B i o a s t r o n a u t i c s  Data-Book r e p r e s e n t s  
a s i g n i f i c a n t  s t e p  toward fil-gap i n  t h e  i n f o r -  
ma t ion  a v a i l a b l e  t o  t h e  s p a c e  v e h i c l e  d e s i g n e r .  
c o n t i n u o u s  u p d a t i n g  and improvements i s  c h a r a c t e r i s t i c  o f  such  a 
task ,  
volume f o r  a e r o s p a c e  d e s i g n ,  t h e  f o l l o w i n g  recommendations have 
been  made: (1) t o  c a r r y  o u t  a p lanned  data r e d u c t i o n  i n  some 
s e c t i o n s ,  ( 2 )  t o  c i t e  areas i n  which i m p o r t a n t  d e s i g n  data i s  
l a c k i n g  and i n c l u d e  t h e  p r e l i m i n a r y  f i n d i n g s  from r e c e n t  s t u d i e s  
i n  these areas, ( 3 )  t o  p r e s e n t  t h e  data i n  a form most d i r e c t l y  
a p p l i c a b l e  t o  d e s i g n  problems,  o m i t t i n g  e s s e n t i a l l y  academic re- 
s u l t s ,  and 
t h e  i n f l u e n c e  o f  t h e  v a r i o u s  parameters as w e l l  as p o s s i b l e  f o r  
space crews and s p a c e c r a f t  envi ronments .  

The need f o r  

I n  o r d e r  t o  enhance s t i l l  f u r t h e r  t h e  u t i l i t y  o f  t h i s  

( 4 )  t o  update  the e x i s t i n g  c l a s s e s  of  data t o  p r e d i c t  
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